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Abstract 


Paracetamol (acetaminophen) has analgesic and antipyretic effects similar to those of aspirin but has only weak anti- 
inflammatory effects. It is a nonselective cyclooxygenase inhibitor which acts at the peroxidase site of the enzyme and is 
thus distinct among the nonsteroidal anti-inflammatory drugs. The major metabolites of paracetamol are paracetamol 
glucuronide and paracetamol sulphate and the minor metabolites are mercapturic acid cysteine conjugates and N-acetyl-p- 
benzoquinone imine. The last is a highly reactive intermediate and it reacts with sulfhydryl groups in glutathione and is 
harmless. Paracetamol may be administered orally, rectally, or intravenously. In infants, the oral dosing of paracetamol 
consist in a loading dose of 20 mg/kg following by subsequent doses of 10 to 15 mg/kg, and in children, the dose varies 
with the child age and body-weigh. Paracetamol has been found efficacy and safe in infants and children but it may induce 
adverse-effects. The elimination half-life of paracetamol is 11.0 and 4.38 hours in more immature preterm infants and in 
less immature preterm infants, respectively, and it is 3.45 hours in children. Propranolol interacts with drugs. The 
prophylaxis, treatment, and trials with paracetamol have been investigated in infants and children. Paracetamol may induce 
toxicity and it crosses the human placenta and migrates into the breast milk in significant amounts. The aim of this study in 
the review of paracetamol dosing, efficacy and safety, adverse-effects, metabolism, pharmacokinetics, drug interaction, 
prophylaxis, treatment, trials, toxicity in infants and children, and paracetamol transfer across the human placenta and 
migration into the breast milk. 

Keywords: paracetamol; dosing; efficacy and safety; adverse effects; metabolism; pharmacokinetics; drug interaction; 


prophylaxis; treatment; trials; toxicity; placenta; breast milk; infants; children. 











Veaaaaneaaies COX: cyclooxygenase. J) 
Introduction 
General considerations in fixed-dose combination containing narcotic and 


Acetaminophen (paracetamol; N-acetyl-p-aminophenol) is nonnarcotic analgesics (including aspirin and _ other 


the active metabolite of phenacetin. Acetaminophen raises the salicylates), barbiturates, caffeine, vascular headache 


threshold to painful stimuli, thus exerting an analgesic effect 
against pain due to a variety of aetiologies. Acetaminophen is 
available without a prescription and is used as a common 


household analgesic by children and adults. It also is available 
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remedies, sleep aids, toothache remedies, antihistamines, 
antitussives, decongestants, expectorants, could and flu 
preparations, and some throat treatments. Acetaminophen is 


well tolerated; however, overdosage-two-thirds of which are 
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intentionally induced - can cause severe hepatic damage; it 
leads to nearly 80,000 emergency department visits and 
30,000 hospitalizations annually in the U.S. The maximum 
FDA-recommended dose of acetaminophen is 4 grams daily 
[1]. 

Mechanism of action of paracetamol 

Paracetamol has analgesic and antipyretic effects similar to 
those of aspirin but has only weak anti-inflammatory effects. 
It is a nonselective cyclooxygenase (COX) inhibitor which 
acts at the peroxide site of the enzyme and is thus distinct 
among the nonsteroidal anti-inflammatory drugs. The 
presence of high concentrations of peroxides, as occur at sites 
of inflammation, reduces COX-inhibitory activity [1]. 
Absorption, distribution, metabolism and elimination of 
paracetamol 

Oral paracetamol has excellent bioavailability. Peak plasma 
concentrations occur within 30 to 60 min, and in adult the 
elimination half-life is about 2 hours. Paracetamol is 
relatively uniformly distributed throughout most body-fluids. 
Binding of the drug to plasma protein is variable, but less than 
other anti-inflammatory drugs. Some 90 to 100 % of drug 
may be recovered in the urine within the first day of 
therapeutic dosing, primarily after hepatic conjugation with 
glucuronic acid (about 60 %), sulfuric acid (about 35 %), or 
cysteine (about 3 %); small amounts of hydroxylated and 
deacetylated metabolites have been detected. Children have 
less capacity for glucuronidation of the drug than do adults. 
A small proportion of paracetamol undergoes CYP-mediated 
N-hydroxylation to form N-acetyl-p-benzoquinone imine, a 
highly reactive intermediate. This metabolite normally reacts 
with sulfhydryl groups in glutathione and thereby is rendered 
harmless. However, after ingestion of large doses of 
paracetamol, the metabolite is formed in amounts sufficient 
to deplete hepatic glutathione and contributes significantly to 


the toxic effects of overdose [1]. 


H 


Paracetamol is suitable for analgesic or antipyretic uses; it is 





+Therapeutic use of paracetamol 


particularly valuable for patients in whom aspirin is 
contraindicate (e.g., those with aspirin hypersensitivity, 
children with a febrile illness, patients with bleeding 
disorders). In adults, the conventional oral dose of 
paracetamol is 325 to 650 mg 4 times-daily or thrice-daily; 
total daily dose should not exceed 4 grams (2 grams daily for 
chronic alcoholics). Single doses for children aged 2 to 11 
years depend on age and weight (about 10 to 15 mg/ kg); no 
more than 5 doses should be administered in 24 hours. An 
injectable preparation is available. Particular attention is 
warranted due to the availability of a wide variety of 
prescriptions and non-prescription multi-ingredient 
medications that represent potentially toxic overlapping 
sources of paracetamol [1]. Paracetamol is a valuable 
analgesic also sometimes used to control fever. It can be given 
orally, rectally, and intravenously adds to its usefulness. More 
recently, paracetamol has been used to affect closure of the 
patent ductus arteriosus in preterm infants, particularly where 
ibuprofen has failed or is contraindicated [2]. Paracetamol is 
used to reduce fever and mild to moderate pain. Liver toxicity 
occurs with excessive doses after prolonged administration (> 
48 hours) of therapeutic doses. Rash, fever, 
thrombocytopenia, and neutropenia have been reported in 
infants and children. In infants, the peak concentration of 
paracetamol occurs 60 min after an oral dose. The absorption 
after a rectal administration is variable and prolonged. 
Paracetamol is extensively metabolized in the liver, 
particularly by sulfation with a small amount by 
glucuronidation. The metabolites and the unchanged drug are 
excreted by the kidney. The elimination half-life is 
approximately 3 hours in term infants, 5 hours in preterm 
infants with < 32 weeks of postmenstrual age, and up to 11 
hours in more immature infants. The elimination is prolonged 


in infants with liver dysfunction [3]. 


H 
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Paracetamol molecular structure (molecular weight = 151,163 grams/mole) 
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Paracetamol glucuronide molecular structure (molecular weight = 327.29 grams/mole) 
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Paracetamol sulphate molecular structure (molecular weight = 231.23 grams/mole) 
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Cysteine molecular structure (molecular weight = 121.16 grams/mole) 
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N-Acetyl-p-benzoquinone imine molecular structure (molecular weight = 149.15 grams/mole) 


Literature search 

The literature search was performed electronically using 
PubMed database as search engine and the following key 
words were used: “paracetamol dosing infants, children”, 


“paracetamol efficacy safety infants, children”, “paracetamol 


adverse-effects”, “paracetamol metabolism”, “paracetamol 
pharmacokinetics infants, children”, “paracetamol drug 


interactions”, “paracetamol prophylaxis infants, children”, 


2 66 


“paracetamol treatment infants, children”, “paracetamol trials 


2 66. 


infants, children”, “paracetamol toxicity infants, children”, 
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“Paracetamol placental transfer”, and paracetamol breast- 


milk”. In addition, the books: The Pharmacological Basis of 


Therapeutics [1], Neonatal Formulary [2], NEOFAX® by 


Results 


Administration schedules of paracetamol to infants and children 


Administration to infants [2] 


Young and Mangum [3], and The British National Formulary 


for Children [4] are consulted. 


Table 1. Oral paracetamol doses for the treatment of pain or pyrexia 























Postmenstrual age | Loading dose | Subsequent doses | Dosing interval | Maximum cumulative daily 
(weeks) (mg/kg) (mg/kg) (hours) dose (mg/kg) 

28 to 32 20 10 to 15 8 to 12 30 

> 32 20 10 to 15 6 to 8 60 











Table 2. Intravenous paracetamol doses for the treatment of pain or pyrexia (given by infusion over 15 minutes) 


























Postmenstrual age | Loading dose | Subsequent doses | Dosing interval | Maximum cumulative daily 
(weeks) (mg/kg) (mg/kg) (hours) dose (mg/kg) 

28 to 32 20 73 8 22.5 

33 to 36 20 10 8 40 

> 37 20 10 5 40 











Table 3. Rectal paracetamol doses for the treatment of pain or pyrexia 


























Postmenstrual age (weeks) Loading dose | Subsequent doses | Dosing interval | Maximum cumulative daily 
(mg/kg) (mg/kg) (hours) dose (mg/kg) 

28 to 32 --- 20 12 40 

33 to 37 (and term infants aged | 30 15 8 60 

< 10 days) 

Term infants aged > 10 days 30 20 6 to8 90 








Table 4. Dose of paracetamol for the treatment of patent ductus arteriosus 




















Age (gestational at birth and postnatal age) | Loading dose (mg/kg) | Subsequent doses (mg/kg) | Dosing interval (hours) 
23+0.25*6 weeks and <7 days 20 12.5 6 
23*9-25*° weeks and > 7 days 20 15 6 
> 26*° weeks 20 15 6 
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Table 5. Dose adjustment to be made based on trough paracetamol levels taken just before the third dose is due to be given 


























Paracetamol level (ug/ml) Increase dose to 15 mg/kg every 6 hours 

<15 Increase the dose to 15 mg/kg every 6 hours 

15 to 25 No change-dose remains 12.5 mg/kg every 6 hours 
26 to 34 Decrease the dose to 10 mg/kg every 6 hours 

35 to 40 Decrease the dose to 10 mg/kg every 8 hours 

> 40 Discontinue the drug 








Administration to children [4]. 

Oral administration for pain and pyrexia with discomfort 
Children aged 1 to 2 months. Give: 30 to 60 mg thrice-daily 
as required, the maximum daily dose to be given in divided 
doses (maximum dose = 60 mg daily). 

Children aged 3 to 5 months. Give: 60 mg 4 times-daily of 
thrice-daily (maximum = 4 doses daily). 

Children aged 6 to 23 months. Give: 120 mg 4 times-daily 
or thrice-daily (maximum = 4 doses daily). 

Children aged 2 to 3 years. Give: 180 mg 4 times-daily or 
thrice-daily (maximum = 4 doses daily). 

Children aged 4 to 5 years. Give: 240 mg 4 times-daily or 
thrice-daily (maximum = 4 doses daily). 

Children aged 6 to 7 days. Give: 240 to 250 mg 4 times- 
daily or thrice-daily (maximum = 4 doses daily). 

Children aged 8 to 9 years. Give: 360 to 375 mg 4 times- 
daily or thrice-daily (maximum = 4 doses daily). 

Children aged 10 to 11 years. Give: 480 to 500 mg 4 times- 
daily or thrice-daily (maximum = 4 doses daily). 

Children aged 12 to 15 years. Give: 480 to 750 mg 4 times- 
daily or thrice-daily (maximum = 4 doses daily). 

Children aged 16 to 17 years. Give: 0.5 to 1 gram 4 times- 
daily or thrice daily (maximum = 4 doses daily). 
Administration by rectum for pain and pyrexia with 
discomfort 

Children aged 1 to 2 months. Give: 30 to 60 mg/kg thrice- 
daily as required (maximum daily dose to be given in divided 
doses; maximum = 60 mg/kg daily). 

Children aged 3 to 11 months. Give: 60 to 125 mg 4 times- 
daily or thrice-daily as required (maximum = 4 doses daily). 
Children aged 1 to 4 years. Give: 125 to 250 mg 4 times- 


daily or thrice-daily as required (maximum = 4 doses daily). 


Children aged 5 to 11 years. Give: 250 to 500 mg 4 times- 
daily or thrice-daily (maximum = 4 doses daily). 

Children aged 12 to 17 years. Give: 500 mg 4 times-daily or 
thrice-daily. 

Intravenous administration for pain and pyrexia with 
discomfort 

Children with body-weight up to 10 kg. Give: 10 mg/kg 4 
times-daily or thrice-daily. The dose should be administered 
over 15 min (maximum = 30 mg/kg daily). 

Children with body-weight of 10 to 50 kg. Give: 15 mg/kg 
4 times-daily or thrice-daily. The dose should be administered 
over 15 min (maximum = 60 mg/kg daily). 

Children with body-weight of 50 kg or above. Give: 1 gram 
4 times-daily or thrice-daily. The dose should be given over 
15 min (maximum = 3 grams daily). 

Oral administration for post-operative pain 

Children aged 1 month to 5 years. Give: 20 to 30 mg/kg for 
1 dose, and then 15 to 20 mg/kg 4 times-daily or thrice-daily 
(maximum daily dose to be given in divided doses; maximum 
daily dose = 75 mg/kg). 

Children aged 6 to 11 years. Give: 20 to 30 mg/kg 
(maximum per dose = | gram) for 1 dose, and then 15 to 20 
mg/kg 4 times-daily or thrice-daily (maximum daily dose to 
be given in divided doses; maximum daily dose = 75 mg/kg; 
maximum daily dose = 4 grams). 

Children aged 12 to 17 years. Give: | gram 4 times-daily or 
thrice-daily (maximum daily dose = 4 grams). 
Administration by rectum for post-operative pain 
Children aged 1 to 2 months. Give: 30 mg/kg for 1 dose, 
and then 15 to 20 mg/kg 4 times-daily or thrice-daily 
(maximum daily dose to be given in divided doses; maximum 


daily dose = 75 mg/kg). 
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Children aged 3 months to 5 years. Give: 30 to 40 mg/kg 
for 1 dose, and then 15 to 20 mg/kg 4 times-daily or thrice- 
daily (maximum daily dose to be given in divided doses; 
maximum daily dose = 75 mg/kg). 

Children aged 6 to 11 years. Give: 30 to 40 mg/kg 
(maximum daily dose = 1 gram for | dose, and then 15 to 20 
mg/kg 4 times-daily or thrice-daily; the maximum daily dose 
should be given in divided doses; maximum daily dose = 75 
mg/kg, maximum daily dose = 4 grams). 

Children aged 12 to 17 years. Give: 1 gram 4 times-daily or 
thrice-daily (maximum daily dose =4 doses). 

Oral prophylaxis of post-immunisation pyrexia following 
immunisation with meningococcal group B_ vaccine 
(Bexsero®) given as part of the routine immunisation 
schedule 

Children aged 2 months. Give: 60 mg, first dose to be given 
at the time of vaccination, and then 60 mg after 4 to 6 hours, 
and then 60 mg after 4 to 6 hours, use weight-based doses for 
preterm infants born at < 32 weeks of gestation and currently 
weighing < 4 kg — see oral dose for pain and pyrexia 
discomfort. 

Children aged 4 months. Give: 60 mg, first dose to be given 
at the time of vaccination, and then 60 mg after 4 to 6 hours, 
and then 60 mg after 4 to 6 hours, use weight-based doses for 
preterm infants born at < 32 weeks of gestation and currently 
weighing < 4 kg — see oral dose for pain and pyrexia 
discomfort. 

Bexsero® is a British formulation. 

Oral post-immunisation pyrexia in infants 

Children aged 2 to 3 months. Give: 60 mg for 1 dose, and 
then 60 mg after 4 to 6 hours if required. 

Children aged 4 to 6 months. Give: 60 mg for 1 dose, and 
then 60 mg after 4 to 6 hours (maximum 4 doses daily). 
Efficacy and safety of paracetamol in infants and children 
Paracetamol is the treatment of choice for the closure of the 
patent ductus arteriosus [5]. Paracetamol induces early patent 
ductus arteriosus closure without significant adverse effects 
[6]. Paracetamol is an effective option in closure of the patent 
ductus arteriosus [7]. Intravenous paracetamol is effective in 
the closure of the patent ductus arteriosus [8]. The clinical 


efficacy of paracetamol on patent ductus arteriosus closure 


depends on the duration of treatment and the mode of 





administration [9]. Acetaminophen reduces the risk of post- 
vaccination fever and fussiness in infants [10]. Paracetamol 
is indicated for use in children of all ages. Overall, clinical 
evidence qualifies paracetamol 15 mg/kg a safe and effective 
option for treatment of pain and fever in children [11]. 
Ibuprofen is as or more efficacious than acetaminophen for 
the treatment of pain and fever in adult and paediatric 
populations and is equally safe [12]. Paracetamol remains the 
first-choice over-the-counter treatment for analgesia and 
antipyresis in children [13]. Intravenous paracetamol is found 
to have a similar analgesic efficacy as intravenous dipyrone 
and they both help to reduce the opioid requirement for 
postoperative analgesia in paediatric day-case tonsillectomy 
[14]. In children, single doses of ibuprofen (4 to 10 mg/kg) 
and acetaminophen (7 to 15 mg/kg) have similar efficacy for 
relieving moderate to severe pain and have similar safety as 
analgesics or antipyretics [15]. Intravenous paracetamol is 
safe and effective choice for paediatric patients with upper 
respiratory tract infection presenting with fever [16]. 

Rare or very rare general adverse-effects caused by 
paracetamol in infants and children [4] 
Thrombocytopenia 

Common or very common specific adverse-effects caused 
by paracetamol in infants and children [4] 

With rectal use: Anorectal erythema. 

Rare or very rare specific adverse-effects caused by 
paracetamol in infants and children [4] 

With intravenous use: hypersensitivity, hypotension, 
leukopenia, malaise, neutropenia. With rectal use: 
angioedema, liver injury, and skin reactions. 

Adverse effects induced by paracetamol in infants and 
children whose frequency is unknown [4] 

With intravenous use: flushing, skin reactions, and 
tachycardia. With oral use: agranulocytosis, bronchospasm, 
hepatic function abnormal, rash, severe cutaneous adverse 
reactions. With rectal use: agranulocytosis, blood disorder, 
and severe cutaneous adverse reactions. 

vomiting, the only early features of poisoning, usually settle 
within 24 hours. Persistence beyond this mime, often 


associated with the onset or right subcostal pain and 
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tenderness, usually indicates development of hepatic 
necrosis. 

Metabolism of paracetamol in humans 

Paracetamol is extensively metabolized and the plasma half- 
life is 1.5 to 2.5 hours in adults. About 55 % and 30 % of a 
therapeutic dose is excreted in the urine as glucuronide and 
sulphate conjugates, respectively, whereas mercapturic acid 
and cysteine conjugates (representing conversion to a 
potentially toxic intermediate metabolite) each account for 
some 4 % of the dose. Paracetamol metabolism is age- 
dependent and dose-dependent. In 8 healthy subjects who 
received paracetamol at a dose of 20 mg/kg the mean 
recovery of paracetamol, paracetamol sulphate, and 
paracetamol glucuronide in the urine is 5.0 %, 32.3 %, and 
54.7 %, respectively. In infants and young children, the 
glucuronidation and sulfation of paracetamol are deficient 
[17]. Metabolism and urinary excretion of paracetamol 
following an oral dose of 1 gram was investigated during 24 
hours following the administration. The mean+SEM for the 
cumulative percentage of the dose excreted in urine for total 
paracetamol is 38.39+4.35 %. The percentage of free 
paracetamol excreted in the urine is 19.59+2.34 % and that of 
conjugated paracetamol it is 18.57+2.34 %. The percentage 


of conjugate paracetamol is 54.1+6.34 in males and 


29.8+3.67 % in females. The rate of excretion of paracetamol 





was less than 1 mg/min/kg in all the volunteers for total, free 
and conjugated drug. The percentage of conjugated 
paracetamol in male and female is 15.71 % and 8.73 % 
respectively, indicating that the formation-rate of these 
metabolites is higher in males [18]. Paracetamol is 
metabolised via several metabolic pathways, including 
glucuronidation, sulfation, oxidation, hydroxylation, and 
deacetylation. Hepatic and other organ damage may occur, 
especially in overdose, because of the accumulation of a toxic 
metabolite [19]. Paracetamol tablets were administered to 
children and unchanged paracetamol, paracetamol sulphate 
and paracetamol glucuronide were recovered in the urine at 
the following percentages: 2.1, 52.1, and 42.0, respectively 
[20]. 

Pharmacokinetics of paracetamol in infants 

van Lingen et al. [21] studied the pharmacokinetics of 
paracetamol in 28 preterm infants who were clustered into 
two groups. Group A consisted in 21 infants with a 
postmenstrual age of 28 to 32 weeks and weighed 1,280+284 
grams and in 7 infants of group B with a postmenstrual age of 
32 to 36 weeks and weighed 1,786+323 grams. All infants 
were treated with a single rectal dose of paracetamol of 20 


mg/kg. 


Table 6. Pharmacokinetic parameters of paracetamol which are obtained in 21 infants of group A and in 7 infants of group B. Figures are 


the mean+SD and (range), by van Lingen et al. [21]. 






































Parameter Infants of group A Infants of group B *P-value 

Peak concentration (ug/ml) 12.5+2.9 (7.5 — 18.0) 7.54+4.0 (1.5 — 13.6) 0.001 

Tmax (h) 3.9 (0.8 — 10.5) 5.1 (1.0 — 9.5) NS 

Elimination half-life (h) 11.045.7 (3.5 — 25.2) 4.38+1.2 (3.6 — 6.8) 0.011 

AUC (ug/h/ml) 95.1+28.0 (29.0 — 161) 71.7441.7 (17.5 — 135) | 0.046 

Total body clearance (L/h) 0.10+0.04 (0.03 —0.17) | 0.56+0.66 (0.13— 1.70) | 0.04 
Tmax = time to reach the peak concentration. NS = Not significant. *Student t test. 


This table shows that paracetamol is eliminated faster in 
infants of group B, the AUC is lower in infants of group B 
and the total body clearance is greater in infants of group B. 
Paracetamol is cleared from the body by metabolism and 
renal route and both elimination pathways increase with 


infant maturation. 


Walson et al. [22] investigated the pharmacokinetics of 
paracetamol in 27 infants aged 3 to 36 months. Paracetamol 
was administered for fever, pain, or post-immunization 
prophylaxis of fever and discomfort and infants received 10 
to 15 mg/kg paracetamol as the rectal suppository or oral 


elixir. 
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Table 7. Demographic characteristics of 27 infants. Figures are the mean+SD, by Walson et al. [22]. 





Sex and umber 


Race and number 














Treatment | Age (month) | Weigh (kg) | Dose (mg/kg) | Male | Female | White | Black | Biracial 
Flixir 10.0+6.3 8.64+2.3 12.14+1.87 7 5 5 5 2 
Suppository 12.44+8.1 9,442.4 12.314+1.89 7 8 4 11 0 
































Figures are not statistically significant. 


Table 8. Least squares pharmacokinetic estimates based on non-log-transformed values from 26 study infants with at least 3 postdose 


concentrations, by Walson et al. [22].$ 









































Treatment | Ke (h") | Elimination half-life | Tmax AUCo-t AUC -x Total body clearance | Peak conc. 
(h) (h) (ug*h/ml) | (ug*h/ml) | (L/h) (ug/ml) 
Elixir 0.39 1.84 1.16 23.36 27.25 3.56 7.65 
Suppository | 0.34 2.10 1.17 20.45 22.03 4.25 5.68 
*P-value 0.17 0.14 0.98 0.22 0.24 0.38 0.06 
Ke = Elimination rate constant. Tmax = time to reach the peak concentration. 
8There were 8.1+2.2 and 9.3+1.4 samples collected from Hahn et al. [23] explored the pharmacokinetics of 


subjects who received 12.14+1.87 mg/kg of elixir and 
12.31+1.89 mg/kg suppository. “ANOVA. 


This table shows that the comparison of all values between 


paracetamol in 33 children, aged 0.2 to 11.0 years. 


Paracetamol suppositories were administered at a dose of 25 


the elixir and the suppository are not significantly different. 


mg/kg 4 times-daily for a maximum of 5 days. 


Table 9. Demographic characteristics of children and treatment details. Figures are the minimum, maximum, mean, and +SD, by Hahn et 

















al. [23]. 

Value Age Weight BMI BSA (im’) Dose Number of | LOT (h) N. of saliva 

(years) (kg) (kg/m?) (mg/kg) doses and blood 
samples 

Minimum | 0.2 5.2 13.9 0.28 20.8 5 19.5 5 

Maximum | 11.0 38.0 17.4 1.32 27.0 17 95.6 24 

Mean 53 20.0 15.7 0.76 24.1 4.0 63.0 15.9 

+SD 3.6 10.2 1.0 0.33 1.8 12.0 24.4 5.2 
































BMI = body mass index. BSA = body surface area. LOT = length of treatment, determined as the time from first to last administration of 


paracetamol suppositories. 


Table 10. Pharmacokinetic parameters of paracetamol which are obtained in 33 children, aged 0.2 to 11.0 years, who received paracetamol 


suppositories at a dose of 25 mg/kg 4 times-daily. Figures are the minimum, maximum, +SD and the mean, by Hahn et al. [23]. 



























































Value Ka (h!) | Tlag | Ke (hb!) | Elimination | DV/F | Tmax | Peak TBC/F | T(h) | Cone.ss | TCone.ss 
(h) half-life (h) | (L/kg) | (h) conc. | (L/kg/h) (ug/ml) | (h) 
(ug/ml) 

Minimum | 0.19 0.0 | 0.06 1.07 0.50 0.43 6.99 0.17 4.38 | 6.69 3.52 
Maximum | 9.29 1.60 | 0.65 11.46 2.74 5.26 19.05 0.56 8.50 39.91 37.81 
Mean 1.38 0.52 | 0.0 3.45 1.32 2.37 10.71 0.31 5.85 12.22 11.08 
+SD 2:22 0.42 | 0.17 2.59 0.66 1.10 3.09 0.10 0.84 5.20 8.55 
www.acquirepublications.org/JCRMH 8 
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Ka = Absorption rate constant. Tlag = lag time. DV = distribution volume. Tmax = time to reach the peak concentration. TBC = total body 


clearance. T = dosing interval. Conc.,; = concentration at the stead-state. TConc.,; = time to reach 90 % of the concentration at the steady- 


state. F = bioavailability. 


This table shows that paracetamol administered as 
suppositories is rapidly absorbed, the lag time is short, the 
elimination rate constant is short, the distribution volume is 
similar to the water volume, the time to reach the peak 
concentration is short, the total body clearance is limited, the 
dosing interval is short, the concentration at the steady-state 
is high and the time to reach 90 % of the concentration at the 
steady is short, and there is a remarkable interindividual 
variability in the pharmacokinetic parameters. Such 
variability is accounted by the wide variation of the 
demographic characteristics of children. The elimination 
half-life of paracetamol is longer in infants (see tables 6) than 
that in children. Paracetamol is cleared from the body by 
metabolism and renal route and these elimination pathways 
increase with infant maturation and child development. 
Interaction of drugs with paracetamol 

The paracetamol metabolite N-acetyl-p-benzoquinone imine 
causes hepatotoxicity and the co-administration of 
paracetamol with warfarin increases the anticoagulant effects. 
In addition, the absorption of paracetamol is depending by the 
gastric emptying and the drugs that alter gastric emptying 
change the pharmacokinetics of paracetamol [24]. When 
paracetamol and warfarin are co-administered the number of 
fatal bleeds is 4.6-fold higher compared to the administration 
of warfarin alone [25]. An interaction is found between 
paracetamol and warfarin, between paracetamol and 
valsartan, and between paracetamol and phenytoin and these 
interactions cause abnormal blood values [26]. Highly 
protein-bound drugs such as phenylbutazone, phenytoin, or 
warfarin can compete with the common binding sites of 
paracetamol [27]. 

Prophylaxis with paracetamol in infants and children 
The rate of patent ductus arteriosus is significantly lower in 
the paracetamol-treated group compared to the control group 
(13.6 % versus 38.2 %, p < 0.001) [28]. The prophylactic 
administration of paracetamol decreases the immune 
response to certain pneumococcal serotypes [29]. 
Paracetamol may interfere with immune responses to 


pneumococcal antigens [30]. The percentage of children with 


temperature of > 38 C° after at least one dose was 
significantly lower in the prophylactic paracetamol group (42 
%) after primary vaccination and 36 % after booster 
vaccination than in the no prophylactic paracetamol group 66 
% after primary vaccination and 58 % after booster 
vaccination [31]. 

Treatment of infants and children with paracetamol 
Paracetamol is as effective as ibuprofen in the closure of 
patent ductus arteriosus [32]. Intravenous paracetamol is used 
as an alternative drug for the closure of the patent ductus 
arteriosus [33]. Paracetamol serum concentrations ranges 
from 8 to 64 ug/ml after 8 to 12 doses of intravenous 
paracetamol and these concentrations of paracetamol are 
effective and safe [34]. Plasma paracetamol concentration 
should be 10 to 20 ug/ml to achieve antipyretic and analgesic 
effects [35]. Clinical evidence qualifies paracetamol 15 
mg/kg a safe and effective option for treatment of pain and 
fever in children [36]. Paracetamol achieves effective 
antipyresis and provides early symptomatic improvement in 
children with febrile illness without prolongation of fever 
duration or excessive adverse effects [37]. 

Trials with paracetamol in infants and children 

Current follow-up results on paracetamol-exposed very 
preterm infants may not be alarming suggesting that 
paracetamol administration shortly after birth is not 
associated with common adverse-consequences [38]. 
Paracetamol (12.5 mg/kg per dose) and ibuprofen (5 mg/kg 
per dose) 6 times-daily for 3 days, regardless of the initial 
loading medication, is more effective than monotherapy in 
lowering fever in infants and children [39]. Infants who are 
treated with paracetamol no long-term adverse reactions of 
early intravenous paracetamol were detected two years later 
[40]. 

Toxicity caused by paracetamol in infants and children 
Caution should be used when paracetamol is administered to 
the newborns. In the event of an overdose, careful patient 
monitoring and personalization of post-overdose procedures 
are recommended [41]. A 55 day old infant was accidentally 


given 136 mg/kg paracetamol. Treatment was with activated 
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charcoal, supportive care, and N-acetylcysteine [42]. 
Decreased paraoxonase-! activity is associated with 
increased oxidative stress in children treated with 
acetaminophen intoxication [43]. Administration of supra- 
therapeutic doses of paracetamol is common and risk 
increased with child's age. Knowledge on calculating the 
weight appropriate paracetamol dose is poor [44]. 
Hepatotoxicity may occur for lower doses of intravenous 
paracetamol compared to oral ingestion and a dose < 150 
mg/kg of intravenous paracetamol should be used to define 
treatment following overdose in a child [45]. Therapeutic 
doses of paracetamol in infants and young children should be 
a lot lower than that previously appreciated [46]. 

Transfer of paracetamol across the human placenta 
Paracetamol exposure in maternal venous blood was similar 
to foetal venous umbilical cord blood [47]. Foetal 
paracetamol pharmacokinetics in the foetus parallels that in 
the mother suggesting that placental transfer is flow limited 
[48]. Paracetamol (1 g orally) was given to each of 10 healthy 
pregnant women undergoing normal vaginal delivery. 
Following delivery, there was no significant difference in the 
serum concentration of paracetamol in the mother and the 
foetus, the mean value being 5.9+2.1 and 7.94+2.2 mg/ml, 
respectively [49]. The percentage placental transfer of 
paracetamol was 45 % (maternal-to-foetal and foetal-to- 
maternal). For paracetamol sulphate, the transfer was 39 % 
(maternal-to-foetal) and 28 % (foetal-to-maternal), while the 
paracetamol glucuronide transfer was 34 % (maternal-to- 
foetal) and 25 % (foetal-to-maternal). During placenta 
perfusions with the metabolites slight conversion (3.5 to 4.1 
%) to paracetamol is observed. In conclusion, paracetamol 
crosses the placental barrier rapidly via passive diffusion 
[50]. 

Paracetamol migration into the breast-milk 

Paracetamol was administered to nursing mothers. The drug 
passes rapidly into the breast-milk and the milk to plasma 
concentration ratio is approximately the unity. The estimated 
maximum dose to the neonate was 1.85 % of the weight- 
adjusted maternal oral dose of paracetamol | gram [51]. 
Breast-milk and plasma levels of paracetamol were 


monitored in 3 lactating women after ingestion of a single 500 


mg of paracetamol. The paracetamol concentrations are 





consistently lower in breast-milk, with mean milk to plasma 
AUC ratio of 0.76. This value is in close agreement with the 
breast-milk to plasma partition ratio of 0.81 found in vitro. 
The half-life of paracetamol in plasma and breast-milk is 
almost identical, with an overall mean of 2.7 h. As less than 
0.1 % of the maternal dose would be present in 100 ml of 


breast milk [52]. 
Discussion 


Paracetamol (acetaminophen) is the active metabolite of 
phenacetin. Paracetamol has analgesic and antipyretic effect. 
It is a nonselective cyclooxygenase inhibitor which acts at the 
peroxidase site of the enzyme and is thus distinct among the 
nonsteroidal anti-inflammatory drugs. Paracetamol may be 
administered orally, rectally, and intravenously and the 
bioavailability is good [1]. In infants, the oral dosing of 
paracetamol consists in a loading dose of 20 mg/kg followed 
by subsequent dose of 10 to 15 mg/kg twice-daily or thrice- 
daily [2]. In children, the paracetamol dosing varies according 
to the child age and the child body weight [4]. Paracetamol 
has been found efficacy and safe in infants and children [5- 
16]. Paracetamol is efficacy and safe in the closure of the 
patent ductus arteriosus without inducing adverse-effects [5- 
9], in reducing fever and fussiness in post-vaccinated infants 
[10], and paracetamol is a safe and effective agent to treat 
pain and fever [11, 13]. Ibuprofen is more efficacious than 
paracetamol for the treatment of pain and fever, but it is 
equally safe [12]. Intravenous paracetamol has similar 
analgesic efficacy as intravenous dipyrone [14]. In children, 
a dose of 4 to 10 mg/kg of ibuprofen has similar analgesic and 
antipyretic activities of 7 to 15 mg/kg paracetamol [15] and 
intravenous paracetamol is a safe and effective agent to treat 
paediatric patients with upper respiratory tract infection 
presenting with fever [16]. Paracetamol may induce adverse 
effects [4]. Paracetamol is extensively metabolized and its 
major metabolites are paracetamol glucuronide and 
paracetamol sulphate and minor metabolites are mercapturic 
acid and cysteine conjugates and N-acetyl-p-benzoquinone 
imine, the last is formed by CYP enzymes. This metabolite 
reacts with the sulfhydryl groups in glutathione and thereby 


is harmless. The metabolism of paracetamol is dose and 
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gender dependent, the conjugate metabolites of paracetamol 
are higher in males than in females and paracetamol and its 
metabolites are excreted in the urine [17-20]. The 
pharmacokinetics of paracetamol have been studied in infants 
[21, 22] and in children [23]. The elimination half-life of 
paracetamol is 11.0 hours in more immature preterm infants 
and 4.38 hours in less immature preterm infants. The total 
body clearance of paracetamol is 0.10 L/h in younger preterm 
infants and 0.56 L/h in older preterm infants [21]. In children, 
the elimination half-life and the total body clearance of 
paracetamol are 3.45 hours and 0.31 L/kg/h, respectively 
[23]. Paracetamol is cleared from the body by metabolism and 
renal route and both elimination pathways increase with 
infant maturation and child development and _ this 
consideration explains the longer half-life and the smaller 
total body clearance observed in infants than children. 
Paracetamol interacts with drugs [24-27]. The co- 
administration of paracetamol and warfarin increases the risk 
of blending caused warfarin [24, 25]. Paracetamol interacts 
with warfarin, valsartan, and phenytoin and these interactions 
cause abnormal blood values [26]. Highly protein-bound 
drugs such as phenylbutazone, phenytoin, or warfarin 
compete with the binding sites of paracetamol [27]. The 
prophylaxis with paracetamol has been studied in infants and 
children [28-31]. Paracetamol close the patent ductus 
arteriosus [28], prophylactic paracetamol decreases the 
immune response to certain pneumococcal serotypes [29], 
paracetamol may interfere with immune response to 
pneumococcal antigens [30], and paracetamol decreases the 
fever in children after vaccination [31]. The treatment with 
paracetamol has been reported in infants and children [32- 
37]. Paracetamol is efficacy as ibuprofen in closing the patent 
ductus arteriosus [32], intravenous paracetamol closes the 
patent ductus arteriosus [33], paracetamol serum 
concentrations of 8 to 64 ug/ml when administered for 8 to 
12 doses is effective and safe [34], paracetamol has 
antipyretic and analgesic effects at concentrations of 10 to 20 
mg/ml [35], paracetamol produces analgesic and antipyretic 
effects [36, 37]. The trials with paracetamol have been 
described in infants and children [38-40]. Paracetamol 


administered to very preterm infants is not associated with 


adverse-consequences [38], paracetamol administered at a 





dose of 12.5 mg/kg and ibuprofen administered at a dose of 5 
mg/kg 6 times-daily for 3 days are more effective than the 
monotherapy in lowering fever in infants and children [39], 
and infants treated with paracetamol did not report adverse- 
reactions two years later [40]. The toxicity caused by 
paracetamol has been reported in infants and children [41- 
46]. Overdose of paracetamol may induce toxicity and the 
patient should be monitored and personalization of post- 
overdose procedures are recommending [41], and the 
overdose of paracetamol should be treated with activated 
charcoal, supportive care, and N-acetylcysteine [42]. 
Paracetamol intoxication is associated to decreased 
paraoxonase-1 activity [43]. Administration of supra- 
therapeutic doses of paracetamol is common and the risk 
increases with child’s age [44]. Hepatotoxicity may occur 
when paracetamol is administered at a dose < 150 mg/kg [45]. 
The therapeutic doses of paracetamol in infants and children 
should be lower than those previously appreciated [46]. The 
transfer of paracetamol across the human placenta has been 
studied in pregnant women at vaginal delivery [47-49] and in- 
vitro using the perfused placenta [50]. Paracetamol 
equilibrates between the maternal and foetal compartments. 
Paracetamol sulfate and paracetamol glucuronide are formed 
by the placenta and their transfer-rates are lower than that of 
unchanged paracetamol [50]. Paracetamol migrates into the 
breast milk where achieves significant amounts [51, 52]. 

In conclusion, paracetamol (acetaminophen) is used to treat 
pain and fever. It is a nonselective cyclooxygenase inhibitor 
which acts at the peroxidase site of the enzyme and is thus 
distinct among the nonsteroidal anti-inflammatory drugs. 
Paracetamol may be administered orally, rectally, or 
intravenously and the bioavailability is good. In infants, the 
oral dosing of paracetamol consists in a loading dose 
followed by subsequent doses and in children the dose varies 
with the child age and child body-weight. Paracetamol is 
extensively metabolized; the main metabolites are 
paracetamol glucuronide and paracetamol sulphate and the 
minor metabolites are mercapturic acid and cysteine 
conjugates, and N-acetyl-p-benzoquinone imine. The last is 


formed by CYP enzymes, it is a reactive metabolite and reacts 
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with the sulfhydryl group in glutathione and thereby is 
rendered harmless. Paracetamol and its metabolites are 
excreted in the urine. The pharmacokinetics of paracetamol 
has been extensively studied in infants and in children. The 
elimination half-life of paracetamol is shorter in children than 
in infants as paracetamol is eliminated by metabolism and 
renal route and both elimination pathways increase with 
infant maturation and child development. Paracetamol is fond 
efficacy and safe in infants and children but it may induce 
adverse-effects. Paracetamol interacts with drugs, and the 
prophylaxis, treatment, and trials have been studied in infants 
and children. Paracetamol crosses the human placenta and 
migrates into the breast-milk in significant amounts. The aim 
of this study is to review the clinical pharmacology of 
paracetamol in infants and children. 
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